A MP-activated protein kinase (AMPK) participates in the regulation of stress responses and metabolic homeostasis. 1 With regard to striated muscle, the AMPK signaling pathway is activated by hypoxia/ischemia, 2 vigorous exercise, and muscle contraction. 2, 3 Several studies show that AMPK activation by physiological and pharmacological stimuli, such as 5-aminoimidazole-4-carboxamide-1-␤-Dribofuranoside (AICAR), is associated with increased glucose uptake in muscle. 1, 4 AMPK stimulation with AICAR improves metabolic disorders associated with type 2 diabetes in animal models. 1, 5 Insulin also stimulates glucose uptake in muscle cells through activation of phosphatidylinositol-3 kinase (PI3-kinase)-dependent pathways, 6 but the AMPKmediated increase in glucose uptake is thought to be distinct from the PI3-kinase-dependent cascade. 3, 7 A recent report also showed that p38 mitogen-activated protein kinase (p38-MAPK) signaling participates in AICAR-stimulated glucose uptake in skeletal muscle. 4 Vascular endothelial growth factor (VEGF) is an endothelial cell mitogen that has an essential role in both vasculogenesis and angiogenesis. 8 VEGF expression patterns spatially and temporally correspond to the development of neovascularization under physiological and pathological conditions in vivo. VEGF expression is regulated by hypoxia, 9 oxidative stress, 10 and growth factors and cytokines. 11, 12 VEGF production is regulated at the levels of gene transcription, 13 mRNA stability, 9 and protein translation. 14 VEGF is essential for the maintenance of the vascular network in skeletal muscle. 15 Reduced expression of VEGF is associated with impaired ischemia-induced angiogenesis in the muscle tissues of diabetic or atherosclerotic animal models, 16, 17 and VEGF gene delivery has been shown to improve collateral vessel development in these models. 16 It has also been shown that myogenic PI3-kinase/Akt signaling controls myofiber hypertrophy and VEGF expression downstream from insulin and IGF stimulation, leading to increase in blood vessel recruitment coupled to muscle growth. 11 Previously, we have demonstrated that AMPK signaling is required for angiogenic responses in endothelial cells under conditions of hypoxia in vitro. 18 We have also shown that AMPK activator, adiponectin, promotes angiogenesis by activating AMPK signaling in endothelial cells and stimulates angiogenesis in response to ischemic stress in vivo. 19, 20 In the present study, we show for the first time that AMPK signaling in skeletal muscle modulates blood vessel growth through the production of an angiogenic growth factor. Using the pharmacological stimulator AICAR, we first examined the role of AMPK signaling in VEGF production in C2C12 myotubes.
We also tested the effect of AICAR on blood vessel growth in vivo using a hindlimb model of ischemia-induced angiogenesis in mice. Our observations indicate that AICAR enhances VEGF expression via activation of an AMPK-p38 MAPK-dependent pathway in skeletal muscle, leading to the promotion of angiogenesis.
Materials and Methods

Materials
Phospho-AMPK (Thr172), pan-␣-AMPK, phospho-p38 (Thr180/ Tyr182), and p38 antibodies were from Cell Signaling Technology. Phospho-ACC (Ser79), ACC, and c-Myc tag antibody were from Upstate Biotechnology. VEGF antibody was from Santa Cruz Biotechnology. Tubulin antibody was from Oncogene. GAPDH antibody was from Biogenesis Inc. AICAR was from Toronto Research Chemicals Inc. Human insulin and 5-Iodotubercidin was from Sigma. LY294002, U0126, and SB203580 were from Calbiochem.
Cell Culture, Adenoviral Infection, and Western Blot Analysis C2C12 mouse myoblasts (American Type Culture Collection) were cultured as described elsewhere. 11 Cells were maintained in growth medium (DMEM supplemented with 20% FBS). To induce differentiation, cells were shifted to differentiation medium (DMEM supplemented with 2% heat-inactivated horse serum) for 4 days. After differentiation, experiments were performed by the addition of the indicated amount of AICAR, insulin, or vehicle for the indicated lengths of time. In some experiments, C2C12 myocytes were pretreated with LY294002 (20 mol/L), 5-iodotubercidin (0.2 mol/L), U0126 (10 mol/L), SB203580 (10 mol/L), or vehicle for 1 hour before stimulation with AICAR or insulin. In some experiments, C2C12 myocytes were infected with adenoviral constructs encoding dominant-negative AMPK␣2 18, 19 or ␤-galactosidase (Adeno-␤gal) at a multiplicity of infection (MOI) of 250 for 16 hours. Under these conditions, the transfection efficiency was greater than 90%. Hypoxia was generated by using a GasPak Plus system (Becton Dickinson). Cell or tissue samples were resolved by SDS-PAGE. The membranes were immunoblotted with the indicated antibodies followed by the secondary antibody conjugated with horseradish peroxidase (HRP). ECL Western Blotting Detection kit (Amersham Pharmacia Biotech) was used for detection. Mouse VEGF levels in cell culture media were determined with enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems.) used according to the manufacturer's protocol.
Determination of VEGF mRNA
Total RNA was prepared by Qiagen using protocols provided by the manufacturer. cDNA was produced using ThermoScript RT-PCR Systems (Invitrogen). Real-time PCR was performed on iCycler iQ Real-Time PCR Detection System (BIO-RAD) using SYBR Green I as a double-stranded DNA-specific dye according to manufacture's instruction (Applied Biosystems) as described previously. 21 Primers were as follows: 5Ј-CTGTAACGATGAAGCCCTGGAG-3Ј and 5Ј-TGGTGAGGTTTGATCCGCAT-3Ј for mouse VEGF; 5Ј-GATCATTGACCTTGTCCTGGACA-3Ј and 5Ј-GAGCCGCT-CCATCAGCAG-3Ј for mouse tubulin; 5Ј-TCACCACCATGG-AGAAGGC-3Ј and 5Ј-GCTAAGCAGTTGGTGGTGCA-3Ј for mouse GAPDH. In mRNA stability experiments, cells were treated with actinomycin D (5 g/mL) for the indicated lengths of time. VEGF mRNA levels were quantified by real-time PCR.
DNA Transfection and Measurement of VEGF Promoter Activity
The VEGF promoter-reporter constructs used in transient transfection assays contain sequences from the human VEGF promoter upstream (Ϫ2361 to ϩ298) of the firefly luciferase gene. 11 Transient transfection was performed with Lipofectamine 2000 reagent (Invitrogen) by using protocols provided by the manufacturer. C2C12 cells were cotransfected with a VEGF promoter-reporter construct and a Renilla luciferase control plasmid (pRL-SV40, Promega) to normalize for transfection efficiency. At approximately 70% confluence, the medium was changed to differentiation medium. After differentiation, myotubes were incubated with AICAR, insulin, or vehicle. Cells were lysed and analyzed by using dual luciferase assay kit (Promega).
Mouse Model of Angiogenesis
Wild-type male mice in a C57/BL6 background were obtained from the Jackson Laboratory (Bar Harbor, Me) and used for this study. Study protocols were approved by the Institutional Animal Care and Use Committee in Boston University. Mice, at the age of 10 weeks, were subjected to unilateral hindlimb surgery under anesthesia with sodium pentobarbital (50 mg/kg intraperitoneally). In this model, the entire left femoral artery and vein were excised surgically. 20 AICAR (300 mg/kg per day) dissolved in 0.9% NaCl or vehicle (0.9% NaCl) was intraperitoneally injected 1 day before the operation and daily until euthanasia. 5 Hindlimb blood flow was measured using a laser Doppler blood flow (LDBF) analyzer (Moor LDI; Moor Instruments). Immediately before surgery and on postoperative days 3, 7, 14, and 28, LDBF analysis were performed on legs and feet. Blood flow was displayed as changes in the laser frequency using different color pixels. To avoid data variations due to ambient light and temperature, hindlimb blood flow was expressed as the ratio of left (ischemic) to right (nonischemic) LDBF. 20 For adenovirus experiments, 2ϫ10 8 plaque-forming units (pfu) of Ad-dnAMPK or Ad␤gal were injected into five different sites of adductor muscle in the ischemic limb 3 days before the ischemic hindlimb as previously described. 20 
Immunohistochemical Analysis
Capillary density within thigh adductor muscle was quantified by histological analysis. Muscle samples were imbedded in OCT compound (Miles) and snap-frozen in liquid nitrogen. Tissue slices (5 m in thickness) were prepared and stained with anti-VEGF or anti-CD31 (PECAM-1: Becton Dickinson) antibodies. For capillary density analysis, 15 randomly chosen microscopic fields from 3 different sections in each tissue block were examined for the presence of capillary endothelial cells for each mouse specimen. Capillary density was expressed as the number of CD-31-positive features per high power field (ϫ400) and the number of capillaries per muscle fiber.
Statistical Analysis
Data are presented as meanϮSD. Differences were analyzed by Student unpaired t test. A level of PϽ0.05 was accepted as statistically significant.
Results
AICAR Stimulates VEGF Expression in C2C12 Cells by Increasing mRNA Stability
Initially, we examined AICAR-mediated changes in the phosphorylation of AMPK (Thr172), and its downstream target ACC (Ser79) in differentiated C2C12 skeletal muscle cells by Western blot analysis. AICAR treatment induced the phosphorylation of AMPK and ACC in a time-dependent manner ( Figure 1A ). To examine whether AICAR regulates VEGF expression in C2C12 myocytes, VEGF protein levels in media were measured by ELISA. Treatment with AICAR at 0.5 or 2.0 mmol/L significantly increased the secretion of VEGF from C2C12 myotubes ( Figure 1B ). The effect of AICAR on VEGF secretion was comparable to that of insulin (10 nmol/L) ( Figure 1B ). AICAR treatment also stimulated VEGF steady-state mRNA levels quantified by real-time
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PCR ( Figure 1C ). The stimulant effect of AICAR was similar to that of insulin ( Figure 1C ). AICAR induces the accumulation of 5-aminoimidazole-4-carboxamide ribonucleotide (ZMP), which mimics AMP and activates AMPK signaling. 5-iodotubercidin, an inhibitor of adenosine kinase, blocks the formation of ZMP from AICAR and acts as an inhibitor of AICAR. 22 Pretreatment with 5-iodotubercidin completely suppressed AICAR-induced VEGF mRNA and protein levels in C2C12 cells (Figure 2A and 2B). In contrast, 5-iodotubercidin did not change insulininduced VEGF expression at both mRNA and protein levels ( Figure 2A and 2B). Insulin increases VEGF expression via activation of the PI-3 kinase-dependent pathway, 11, 23 and the PI3-kinase inhibitor LY294002 significantly suppressed insulin induction of VEGF mRNA and protein levels ( Figure  2A and 2B). However, LY294002 had no effect on AICARinduced VEGF expression at mRNA or protein levels ( Figure  2A and 2B). To examine the relative contribution of AMPK activation to the regulation of AICAR-stimulated VEGF expression, C2C12 myotubes were transduced with an adenoviral vector expressing a c-Myc-tagged dominant-negative mutant of AMPK (Ad-dnAMPK). Transduction with AddnAMPK suppressed AICAR-induced ACC phosphorylation ( Figure 2C ). Transduction with Ad-dnAMPK also blocked AICAR-induced VEGF expression at mRNA and protein levels without affecting basal VEGF levels ( Figure 2D and 2E). In contrast, transduction with Ad-dnAMPK had no effect on insulin-induced VEGF mRNA expression (data not shown). Collectively, these data suggest that AMPK is required for AICAR-mediated VEGF expression in C2C12 myotubes, and that VEGF induction by this mechanism is independent of PI3-kinase-dependent insulin signaling.
To test whether AICAR modulates VEGF expression at the transcriptional level, VEGF promoter-luciferase construct was analyzed in transfection experiments. AICAR treatment had no effect on the activity of the 2.6-kbp VEGF promoter fragment ( Figure 3A) . In contrast, insulin enhanced VEGF promoter activity, consistent with previous data. 11 These data suggested that AICAR stimulated VEGF expression in C2C12 cells at a posttranscriptional level. To test this possibility, VEGF mRNA stability experiments were performed. The decay of VEGF mRNA in the presence of actinomycin D was analyzed by quantitative real-time PCR. VEGF mRNA levels rapidly decreased in the absence of AICAR ( Figure 3B ). AICAR treatment led to a significant increase in VEGF mRNA stability in C2C12 myotubes, suggesting that AICAR-stimulated VEGF expression is due, at least in part, to increase in mRNA stabilization. In contrast, insulin had no effect on VEGF mRNA stability.
To investigate whether AICAR potentiates VEGF expression by hypoxia, C2C12 cells were incubated under hypoxic conditions in the presence or absence of AICAR. Hypoxia stimulated VEGF steady-state mRNA and protein levels in C2C12 cells ( Figure 4A and B). AICAR treatment markedly enhanced VEGF expression at mRNA and protein levels in hypoxic cultures. Hypoxia slightly, but significantly, increased VEGF mRNA stability in C2C12 myotubes, whereas AICAR dramatically enhanced VEGF mRNA stability in the hypoxic cultures ( Figure 4C ). The HuR protein binds to the 3Ј-untranslated region of VEGF mRNA and promotes its stability under conditions of hypoxia. 24 It is reported that AMPK activation inhibits the translocation of HuR from the nucleus to the cytoplasm and leads to the decrease in stability of target mRNAs including cyclin A, cyclin B1, and p21 in human colorectal carcinoma RKO cells. 25 However, AICAR treatment did not affect mRNA levels of cyclin A, cyclin B1, and p21 in C2C12 myotubes (N. Ouchi, unpublished results, 2005), suggesting that the stabilization of VEGF mRNA by AMPK activation is independent of HuR.
AICAR Increased VEGF mRNA Stability Through p38 MAPK Activation
The stress-activated protein kinase p38 MAPK is involved in mRNA stabilization of several genes including VEGF. 26 
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Therefore, we tested whether AICAR-induced VEGF expression was mediated by p38 MAPK. C2C12 cells were incubated with AICAR, and p38 MAPK phosphorylation at Thr180/Tyr182 was assessed by Western blot analyses. Treatment of C2C12 myotubes with AICAR enhanced the phosphorylation of p38 MAPK in a time-dependent manner ( Figure 5A ). In contrast, AICAR had no effect on ERK1/2 phosphorylation (data not shown). Transduction with AddnAMPK suppressed AICAR-induced p38 MAPK phosphorylation ( Figure 5B ), indicating that p38 MAPK is downstream of AMPK in C2C12 cells. To investigate whether p38 MAPK signal participates in AICAR-stimulated VEGF expression, C2C12 cells were incubated with p38 MAPK inhibitor, SB203580, in the absence or presence of AICAR. Treatment with SB203580 significantly suppressed AICARstimulated VEGF steady-state mRNA and protein levels ( Figure 5C and 5D). The stimulation in VEGF mRNA levels was inhibited by 90%, 76%, and 42% using 10, 5, and 2 mol/L SB203580 (data not shown). The AICARstimulated increase in VEGF mRNA stability was also blocked by treatment with SB203580 ( Figure 5E ). However, treatment with SB203580 did not affect the phosphorylation of AMPK and ACC ( Figure 5F ). The MEK inhibitor U0126 did not change AICAR-induced VEGF expression at both mRNA and protein levels ( Figure 5C and 5D). These data indicate that p38 MAPK is critical for AICAR-induced VEGF expression and that p38 MAPK functions downstream from the AICAR-AMPK regulatory axis in myotubes. 
AICAR Promotes VEGF Synthesis and Angiogenesis in Ischemic Tissue In Vivo Through Activation of AMPK Signaling
To examine whether AMPK activation in muscle could promote angiogenesis in vivo, AICAR was intraperitoneally injected in mice that underwent unilateral femoral artery resection, a model of vascular insufficiency. AICAR treatment for 8 days stimulated the phosphorylation of AMPK and p38 MAPK in the ischemic muscle ( Figure 6A ). AICAR treatment also increased the VEGF mRNA and protein levels ( Figure 6B ). Immunohistochemical analysis indicated an elevated signal for VEGF protein in AICAR-injected mice compared with control mice that were treated with vehicle ( Figure 6C ). Importantly, AICAR-treated mice showed a significant increase in flow recovery at 7, 14, and 28 days after hindlimb surgery as determined by laser Doppler blood flow analysis ( Figure 6D ). To investigate the extent of angiogenesis at the microcirculatory level, capillary density was measured in histological sections harvested from the ischemic tissues. Quantitative analysis revealed that the capillary density was significantly increased in AICARtreated mice compared with control mice on postoperative day 7 ( Figure 6E ). No significant differences were observed in serum glucose levels between AICAR-injected and control mice (data not shown). Collectively, these results show that supplementation of AICAR can enhance VEGF production in ischemic muscle and promotes ischemia-induced angiogenesis.
To elucidate the role of AMPK signaling in AICARstimulated VEGF production and ischemia-induced angiogenesis in vivo, an adenoviral vector expressing a dominantnegative form of AMPK (Ad-dnAMPK) was injected intramuscularly into the adductor muscle of the ischemic limb. The intramuscular injection of Ad-dnAMPK significantly reduced both basal and AICAR-induced AMPK phos- Relative phosphorylation levels of ACC and AMPK were quantified using the NIH image program. Immunoblots were normalized to total loaded protein.
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phorylation in ischemic muscle ( Figure 7A ). Ad-dnAMPK also reduced AICAR-induced p38 MAPK phosphorylation without affecting basal p38 MAPK phosphorylation. In addition, the injection of Ad-dnAMPK suppressed AICARstimulated VEGF mRNA and protein levels ( Figure 7B) , and led to a significant reduction in the AICAR-mediated improvement in limb perfusion ( Figure 7C ). These data indicate that intramuscular AMPK signaling is crucial for basal and AICAR-induced VEGF expression and neovascularization after ischemic injury and that p38 MAPK is downstream from the AICAR-activated AMPK signaling in ischemic muscle.
Discussion
The present study demonstrates that the AMPK activator AICAR enhances VEGF mRNA stability and promotes VEGF protein secretion in skeletal muscle cells. AICAR supplementation also improved revascularization in ischemic limbs of mice. The ability of AICAR to stimulate VEGF production in muscle is likely to contribute to the stimulation of angiogenesis in this model. Additionally, AMPK activation will have direct proangiogenic effects on endothelial cells. 18 -20 The stimulation of VEGF expression by AICAR is dependent on its ability to activate AMPK-p38 MAPK signaling. Transduction with dominant-negative AMPK␣2 reduced AICAR-stimulated p38 MAPK phosphorylation and VEGF production in C2C12 myotubes, suggesting that p38 MAPK functions as downstream of AMPK under these conditions. In addition, the p38 MAPK inhibitor SB203580 blocked the increase in VEGF mRNA stability and production caused by AICAR in C2C12 myotubes. It has been demonstrated that p38 MAPK signaling participates in the stabilization of VEGF mRNA, 26, 27 which is compatible with our data using AICAR. The PI3-kinase inhibitor LY294002 suppressed insulin-stimulated VEGF synthesis, in agreement with previous studies, 11, 23 but had no effect on the AICAR-induced VEGF expression in C2C12 myotubes. Taken together, AMPK-p38 MAPK signaling axis plays a crucial role in the regulation of VEGF production in muscle, and that this regulatory mechanism functions independently of PI3-kinase signaling (Figure 8 ).
In the present study, intramuscular injection of AddnAMPK reduced both basal and AICAR-stimulated VEGF expression in ischemic muscle. In addition, Ad-dnAMPK reduced both basal and AICAR-stimulated AMPK phosphorylation in ischemic muscle, although Ad-dnAMPK reduced only AICAR-stimulated p38 MAPK phosphorylation without affecting basal p38 MAPK phosphorylation. Recently, it has been reported that AMPK is critical for HIF-1 transcriptional activity in hypoxic DU145 prostate cancer cells. 28 Although HIF-1 is a key transcriptional regulator of the VEGF gene, 13 AICAR does not activate HIF-1 under normoxic conditions 28 (N. Ouchi, unpublished results, 2005) . Taken together, it appears that the predominant effect of AMPK signaling on VEGF expression is the stabilization of the mRNA, whereas hypoxia and insulin stimulate VEGF expression by activation of transcription via different mechanisms. 11 It has been controversial whether p38 MAPK and p38 inhibitors act downstream or upstream of AMPK. Previous Figure 6 . AICAR induces VEGF and promotes the reperfusion of ischemic limbs in mice in vivo. Hindlimb ischemic model was used to evaluate the effect of AICAR on angiogenesis in vivo. AICAR (300 mg/kg per day, nϭ4) dissolved in 0.9% NaCl or vehicle (Control, 0.9% NaCl, nϭ4) was injected intraperitoneally into mice. A, Effect of AICAR on the phosphorylation of AMPK (p-AMPK) and p38 MAPK (p-p38) in ischemic muscle of mice at 7 days after surgery. Representative blots are shown. Relative phosphorylation levels of ACC and AMPK were quantified using the NIH image program. Immunoblots were normalized to total loaded protein. *PϽ0.01 vs control. B, AICAR stimulated VEGF synthesis and protein levels in ischemic muscle tissues. On postoperative day 7, VEGF expression was determined by immunoblotting and real-time PCR analyses (nϭ3). Relative VEGF protein levels were quantified using the NIH image program. Immunoblots were normalized to total loaded protein. VEGF mRNA levels were expressed relative to levels of GAPDH mRNA. Results are expressed relative to control. *PϽ0.01 vs control. C, Immunostaining of ischemic tissues with anti-VEGF polyclonal antibody on postoperative day 7. D, Quantitative analysis of the ischemic/nonischemic LDBF ratio in the AICAR-treated and vehicle-treated (Control) mice (nϭ4). *PϽ0.01 vs Control mice. E, Quantitative analysis of capillary density in the AICAR-treated and vehicle-treated (Control) mice (nϭ4). Immunostaining of ischemic tissues was performed with anti-CD31 monoclonal antibody. Capillary density was expressed as the number of capillaries per high power field (ϫ400, left) and capillaries per muscle fiber (right). *PϽ0.05 vs Control mice.
work has shown that AICAR increases glucose transport in a liver-derived cell line 29 and rat skeletal muscle 4 and mice jejunum 30 through the activation of p38 MAPK. In contrast, it has been reported that SB203580 inhibits AICAR-induced AMPK activity in H-2K b cells, 31 perhaps through its ability to inhibit nucleoside transport. 32 However, in our study, it is shown that whereas SB203580 inhibits AICAR-mediated VEGF induction, it did not affect AICAR-induced AMPK or ACC phosphorylation ( Figure 5F ). Similarly, it has been shown that SB203580 does not affect AICAR-stimulated AMPK or ACC phosphorylation in mouse jejunum or rat skeletal muscle. 4, 30 Therefore, we conclude that AICAR induces p38 MAPK phosphorylation in C2C12 myotubes through activation of AMPK signaling.
AMPK activation using AICAR improves the metabolic abnormalities that are found in diabetic mice and rats. 1, 5 Clinically, collateral vessel development is impaired in diabetic patients with myocardial and limb ischemia, 33 and angiogenic therapy using VEGF is currently being considered for this patient population. 34 Therefore, pharmacological activators of AMPK signaling could produce beneficial metabolic changes as well as improve perfusion in subjects with insulin-resistant syndromes. Furthermore, AMPK signaling is anti-apoptotic in a variety of cell types, including endothelial cells, 18, 35 and AMPK-mediated eNOS phosphorylation will promote endothelial cell function. 2 Thus, AMPK activating agents could be useful for treating numerous pathological features that are associated with the diabetic phenotype. Contribution of AMPK signaling to AICAR-induced VEGF production and angiogenesis in ischemic hind limbs. Ad-dnAMPK (nϭ4) or Ad-␤gal (Control, nϭ4) was injected into 5 sites in adductor muscle (2ϫ10 8 pfu each), 3 days before ischemic surgery. AICAR or vehicle was injected intraperitoneally into mice. A, Effect of AMPK signaling on basal and AICAR-stimulated phosphorylation of AMPK (p-AMPK) and p38 MAPK (p-p38) in ischemic muscle of mice at 7 days after surgery. Representative blots are shown. Relative phosphorylation levels of ACC and AMPK were quantified using the NIH image program. Immunoblots were normalized to total loaded protein. *PϽ0.01 vs control. B, Ad-dnAMPK suppresses basal and AICAR-stimulated VEGF synthesis and protein levels in ischemic muscle tissues. On postoperative day 7, VEGF expression was determined by immunoblotting and real-time PCR analyses. Relative VEGF protein levels were quantified using the NIH image program. Immunoblots were normalized to total loaded protein. VEGF mRNA levels were expressed relative to levels of GAPDH mRNA. Results are expressed relative to control. *PϽ0.01 vs control. C, Quantitative analysis of ischemic/ nonischemic LDBF ratio in mice hindlimb blood perfusion in the presence of AICAR or vehicle along with intramuscular injection of Ad-dnAMPK or Ad-␤gal (Control) at 14 days postsurgery. Results are shown as the meanϮSD. *PϽ0.01 vs control; **PϽ0.05 vs control. Figure 8 . Proposed scheme for AMPK signaling pathway leading to VEGF induction. AICAR activates AMPK, which promotes p38 MAPK activation and increases VEGF mRNA stability. PI3-kinase participates in insulin-induced VEGF expression, but is independent of AICAR-AMPK-p38 stimulation of VEGF.
